Introduction
In 2000, Childs et al. 1 at NIH published the first series of patients with cytokine-refractory, clear-cell renal cancer treated with a nonmyeloablative allogeneic transplantation from an HLA-identical sibling donor: they observed a 53% response rate, including complete responses. They established the proof of concept that a graft-versus-malignancy effect exists also in solid tumors, and that allogeneic SCT is able to mediate this effect. After the seminal paper of Childs et al., other groups have reported variable results of reduced-intensity allografting in cytokine-resistant/refractory renal cancer (reviewed in reference 2 ). Recently, the EBMT Solid Tumour Working Party (STWP) reported 124 patients, treated in 16 institutions with different conditioning regimens and GVHD prophylaxis, 3 and confirmed the response rate and the transplant-related mortality already noted by Childs et al. We now know that allogeneic transplantation after reduced-intensity conditioning can induce responses in 30-40% patients with clear-cell renal cell carcinoma; most of these responses are partial, but in some cases complete. These responses are often delayed in onset, frequently associated with GVHD or cyclosporine withdrawal or with infusion of donor lymphocytes. In an effort to prospectively identify the patients who could benefit most from allogeneic transplantation, Peccatori et al., 4 on behalf of the EBMT STWP, examined the pretransplant characteristics of 70 patients who underwent allografting in selected EMBT centers in Europe. They found that three factors (performance status, C-reactive protein (CRP) and lactate dehydrogenase (LDH)) were significantly associated with survival in multivariate analysis. These factors were able to stratify patients in two groups with very different median survival (3.5 months for bad-prognosis patients vs 23 months for good-prognosis patients). They suggested that these easily available parameters can identify patients who are candidates to allografting, and assist in treatment decision making and selection of appropriate program.
Thus, there is evidence that allografting can induce clinical responses in cytokine-refractory renal cancer. We do not know, however, if allografting induces a long-term benefit, nor if it influences the natural history of cytokinerefractory renal cancer.
Notably, the therapeutic scenario of renal cancer has dramatically changed in the past 5 years. After elucidation of the key role of hypoxia-inducible factor 1-alfa and associated genes (VHL, VEGF, mTOR, and others) in inducing neovascularization and tumor growth and metastasis, inhibitory molecules have been identified and introduced into the clinic. The novel targeted agents sunitinib, temsirolimus, sorafenib and bevacizumab are now standard treatment for metastatic renal cell cancer, either in first line or after cytokine failure. 5 As a consequence, allografting as a salvage therapy has been questioned, and its use has dramatically decreased, even though it can induce a long-lasting control of the disease.
Even if there is temporary benefit, the outcome of metastatic RCC has not been substantially changed by the introduction of antiangiogenic therapies. In particular, patients who fail a first-line antiangiogenic treatment and patients with poor prognostic factors according to the Memorial Sloan Kettering Cancer Centre (MSKCC) score have a median survival ranging from 5 months to 1 year, irrespective of second-line treatment.
At our institution we have treated in a prospective clinical protocol (designated 'Allorene') 25 patients with metastatic renal cancer who have failed a cytokine therapy, with a reduced-intensity allograft regimen and SCT from a HLA-identical sibling donor. We here report the long-term follow-up (5 years) of our series of patients treated in this protocol, as a contribution to the assessment of clinical benefit of allografting.
Patients and methods

Patients
Twenty-five patients with cytokine-refractory RCC underwent reduced-intensity allografting from an HLA-compatible sibling donor from February 1999 to May 2005. Main patient characteristics are reported in Table 1 . Nephrectomy was carried out in all cases. All patients had cytokinerefractory metastatic disease at the time of the transplant and many had received additional lines of treatment including chemotherapy; only one patient received allografting as first-line treatment for metastatic disease. Median days from diagnosis of primary tumor to allograft were 822 (range, 165-3758). The first seven patients in this series have already been included in a previous report. 6 Allografting All patients received a thiotepa, fludarabine and CY conditioning regimen, as already described. 6 PBSC from a HLA-identical sibling donor were given at the target dose of X5 Â 10 6 CD34 þ cells/kg recipient body wt. GVHD prophylaxis was based on CSA plus either short-course MTX (21 patients) or sirolimus (four patients).
Hematopoietic reconstitution was assessed by peripheral blood counts and BM examination. Hematopoietic reconstitution was defined as the first of 3 days with neutrophil counts 4500 Â 10 6 /l, and unsustained platelet counts 420 Â 10 9 /l. Donor-recipient chimerism analysis was carried out on whole BM mononuclear cells, and on CD3 þ and CD13 þ cell subsets obtained by cell sorting from PBMC using PCR of informative minisatellite regions at monthly intervals for the first 6 months, at 3-month intervals for the first 2 years and every 6 months thereafter. A complete myeloid or lymphoid chimerism was defined as 490% donor origin.
Follow-up and immune manipulation
Disease assessment was carried out by clinical exam and conventional imaging (CT scan, MRI) at bimonthly intervals for the first year, at 4-month intervals for the second and third year and at 6-month intervals thereafter. Disease response was assessed by standard WHO criteria.
Cyclosporine was reduced or withdrawn after day þ 90 or earlier based on disease progression. Donor lymphocyte infusion (DLI) at escalating doses, starting from 10 6 CD3 þ cells/kg, was given to patients with mixed chimerism or with progressive disease after CSA withdrawal and no concurrent GVHD. Patients with disease progression received sorafenib or sunitinib as they became available in the clinic (that is, after 2006).
Statistical analysis
We analyzed the correlation of the following variables with survival: age at transplant (continuous variable), time from diagnosis to transplant (continuous), serum calcium corrected for albumin levels, LDH, CRP, Hb level before transplantation, Karnofsky performance status (continuous), number of CD34 þ /kg infused (X5 vs o5 Â 10 6 /kg), number of CD3 þ /kg infused (above vs below the median value), progressive disease at day þ 90 after transplant (yes vs no), occurrence of acute (any grade) or chronic GVHD. Biochemical parameters were categorized as normal or abnormal according to laboratory normality ranges. Allografting for renal cancer M Bregni et al Univariate Cox regression 7 was performed to assess any association between pretransplant variables and outcome, whereas time-dependent Cox regression was used with post-transplant variables. 8 Factors that correlated to survival with a Po0.20 entered in a multivariate Cox regression model with a backward selection procedure; only variables with a Po0.05 were retained in the final model.
Survival analysis was performed using the Kaplan-Meier method. 9 A semilandmark analysis 10 was used to graphically represent patients who progressed within 90 days after transplantation vs the others, the landmark day being the date of progression for those who progressed by day þ 90, and the day þ 120 (median day of progression for all patients) for the others.
Prognostic classification
Three risk categories for predicting survival of patients refractory to a first-line cytokine treatment were identified at Memorial Sloan Kettering Cancer Centre ('MSKCC score') on the basis of three pretreatment clinical features, that is, low Karnofsky performance status (p70), serum Hb below the lower limit of normal and high corrected serum calcium (410 mg/100 ml).
Patients can be assigned to one of the three risk categories based on the number of risk factors: those with zero risk factors (favorable risk), those with one (intermediate risk) and those with two or three (poor risk). Median survival significantly differed in these categories (favorable: 22 months; intermediate: 11.9 months; poor: 5.4 months).
11
Patients of our series were assigned a prognostic score, and their actual outcome was compared to that predicted by the respective risk category.
Results
Hematopoietic engraftment
All evaluable patients (N ¼ 24) had a complete hematopoietic engraftment within 1 month from transplant.
A full donor chimerism was achieved in all patients by day þ 60 after transplant. In one patient there was a late graft failure at day þ 150 after transplant (lymphoid engraftment 20-25% donor, myeloid engraftment o40% donor), that was rescued by reinfusion of selected CD34 þ cells from the original donor.
Median CSA withdrawal day after BMT was 120 (21-351) days. Six patients received DLI at escalating doses for progressing or nonresponding disease at a median of 360 (72-1095) days from transplant. Six patients had two infusions of DLI, four patients had three infusions, one patient had four infusions.
Twelve patients had acute GVHD (aGVHD), five grade I, five grade II, one grade III and one grade IV. Nine patients had chronic GVHD (cGVHD), seven limited and two extensive.
Response and survival Best response to allograft was evaluable in 24 patients: 1 CR and 4 PR. Twelve patients reported minor response (MR) or stable disease (SD), and seven patients reported progressive disease (PD). Overall, the response rate (CR þ PR) was 20%, whereas the clinical benefit rate (CR þ PR þ MR þ SD) was 71%.
Six patients died because of transplant related mortality
Cause of death was infection in four cases, GVHD in one case and acute renal failure in one case.
Fourteen patients died from progressive disease at a median 415 (36-958) days from transplant.
Median survival was 336 (12-2332 þ ) days. One-year overall survival was 48% (95% CI: 28-68), and five-year overall survival was 20% (95% CI: 4-36; Figure 1) .
At a median observation time of 65 (40-72) months, five patients are alive, one in CR, one in PR and three with stable disease. These latter patients are receiving a tyrosine kinase inhibitor for their disease, two patients are receiving sunitinib and one is receiving sorafenib. None of these patients has long-term side effects from the transplant, specifically none has cGVHD.
Survival analysis
Twenty-one patients had Hb level below the lower limit of normal. Two patients had corrected serum calcium levels higher than 10 mg/100 ml. One patient had high lactate dehydrogenase level. Seventeen patients had a disease free interval of less than 1 year.
On univariate analysis, LDH, CRP, Karnofsky performance status, number of CD34 þ /kg infused cells, aGVHD and disease status at day þ 90 significantly correlated with survival and were included in multivariate analysis. Factors that were retained in the final multivariate model were CRP, number of CD34 þ infused cells and disease status by day þ 90 after transplantation. Results are shown in Table 2 .
To graphically represent the impact of early disease progression after transplant on overall survival, a semilandmark plot was performed on 24 evaluable patients Allografting for renal cancer M Bregni et al ( Figure 2 ). Patients who progressed early (N ¼ 8) had a median survival of 71 days and no long-term survival; patients whose disease did not progress by day þ 90 had a median survival of 700 days (Po0.0001) and a 30% longterm survival. Thus, early progression is strictly related to survival after allografting.
Prediction of survival according to MSKCC prognostic score The median survival of our patients overall was similar to that of the intermediate group of the MSKCC series: 11 months vs 11.9 in the Motzer series, respectively. However, there was a clear advantage in the long-term survival of our series (20% at 5 years) compared to that predicted by the MSKCC prognostic score (11% in the intermediate group and 0% in the poor-prognosis group at 3 years, respectively).
One patient in our series fell into the favorable-risk group according to MSKCC score, 20 patients were in the intermediate-and 5 in the poor-risk group (Table 1) . To study the correlation of MSKCC score with survival, we divided our patients into two groups: favorable/intermediate-risk vs a poor-risk group (Figure 3) . The median survival of favorable/intermediate prognosis patients was 415 days vs 71 days of the poor-prognosis patients (P ¼ 0.018) The long-term survival of the favorable/ intermediate-risk group was 25%, and it was 0% in the high-risk group.
Discussion
At 5 years after allografting, 25% of cytokine-refractory RCC patients are alive. All these patients had a CRP within Three variables were correlated to survival in multivariate analysis, that is, C-reactive protein, number of infused CD34 þ cells and disease status after transplant. The number of infused CD34 þ cells is strictly related to the speed and completeness of engrafting: the higher the cell dose infused, the faster is the engraftment, and the achievement of a complete chimeric status. Disease status after transplant has a particular meaning in this setting. We know that the disease response attributable to graft-versusrenal cancer effect occurs slowly (4-5 months after transplant), 1 and disease often progresses in this frame period. In our series, one-third of the patients had a progression of the disease at 3 months from transplant. Disease progression induces early withdrawal of cyclosporine, with subsequent increase in the rate of aGVHD and TRM. Most toxicity deaths (4 out of 6) were attributable to infectious events in the first year after transplant, and even if not statistically significant, we can assume that steroid treatment of aGVHD may have had a role in this high infectious rate. Better patient selection and control of disease progression after transplant are key to the success of this strategy. Other reports have found cGVHD to impact survival in multivariate analysis 3,13 : Blaise et al. have reported that in a series of 57 patients with various solid tumors, cGVHD and status of disease at transplant were the major determinants of survival. However, RCC patients were a minority of the whole population in that report. Barkholt et al. reported in a retrospective analysis of allografting in renal cancer in Europe that performance status, cGVHD, DLI and extent of disease (less than three metastatic sites) as statistically significant for survival. This analysis included also some of the patients described in this series. We did not find such an effect of cGVHD in our series, probably due to the limited number of patients.
It is still not understood why some patients respond to this treatment and others do not. On a clinical ground, we have identified three factors that correlate with survival; we presume that biologic factors may better define the responders. Graft-verus-tumor (GVT) effects against renal cancer may be associated with tumor-specific immune responses to Ag expressed on RCC cells, such as gene products derived from HERV-E, expressed in a minority of RCC patients. 12 The long-term survival of our patients was actually higher than that predicted by the prognostic score based on the MSKCC retrospective analysis. The 20% OS of our intermediate prognosis group is overlapping with the good prognosis group of MSKCC series. In contrast, the survival of patients with an intermediate prognostic score is 11% in the MSKCC analysis. It means that overall survival of our patients with one-risk factor is similar to the OS of MSKCC patients without risk factors. The similarity in the median survival is probably accounted for by the shape of the survival curve in our series, which reflects the early TRM in the first year. Moreover, our long-term survival is evaluated at 5 years, compared to 3 years of the MSKCC series.
Notably, this survival has not been reported before in cytokine-refractory patients, for whom, until recently, there was no salvage therapy available. Now we have witnessed a revolution in the management of metastatic renal cancer, after the elucidation of pathogenetic mechanisms of the disease and the subsequent design of specific inhibitory molecules. The blockade of AKT/PI3K/mTOR pathway has resulted in a survival advantage in patients with poor prognostic factors.
14 Inhibition of VEGF or VEGFinitiated signaling has also demonstrated considerable antitumor activity. [15] [16] [17] The introduction in the clinical setting of molecularly targeted agents (bevacizumab, sorafenib, sunitinib and temsirolimus) has considerably improved progression-free survival in first and second lines, and has ameliorated overall survival in first line in poor prognosis patients. Data on long-term survival of patients who have failed a cytokine therapy and have been treated with a tyrosine kinase inhibitor are not available yet for a comparison. Targeted therapy has practical advantages over a complex treatment as allogeneic transplantation; indeed, patient referral for transplant has considerably decreased over the past years. However, the benefit of these new agents on the overall survival remains limited, particularly in the poor-prognosis subgroup and in patients relapsed after a first-line antiangiogenic treatment. In contrast, allogeneic transplantation has the potential of inducing long-term disease control. A prospective, randomized study of comparison between antiangiogenic therapy and allografting would ideally assess the best treatment. Unfortunately, such a trial would be very difficult to organize, because patients eligible to allografting are a small subset of all renal cancer patients. Allografting requires the availability of an HLA-compatible sibling donor, age less than 60 years (median age of RCC patients is 65) and absence of significant comorbidities. In addition, given its still high TRM, allografting would be better positioned as a second-line treatment after antiangiogenic drug failure.
A rationale exists for combining the immune effect of allografting and the molecularly targeted effect of the new drugs. The antiangiogenic effect of some of these agents may be directly beneficial, as tumor-produced VEGF may contribute to immune suppression and limit the generation of an antitumor immune response by inducing inadequate DC differentiation. 18 These data suggest that the inhibition of VEGF may augment the antitumor effect of adoptive immunotherapy, and be advantageously associated with allogeneic transplantation.
Other lines of evidence suggest that antiangiogenictargeted therapies have effects on the immune system that can be particularly relevant for their combination with immune-targeted therapies. Finke et al. suggested that treatment with sunitinib can promote a type-1 cytokine response (IFN-g) and simultaneously decrease the type-2 response (IL-4) in patients with metastatic RCC. 19 Zeiser et al. 20 have demonstrated that rapamycin (the parent compound of temsirolimus) and CD4 þ CD25 þ regulatory T cells synergize in preserving GVT activity whereas inhibiting GVHD after BMT. Taken together, these findings could have implications for furthering the clinical benefit of such therapies in RCC and other tumors, and particularly for combining these agents with allogeneic transplant.
As the transplant conditioning regimen is largely ineffective in cytoreducing the tumor burden, and because GVT effects are typically delayed, patients often succumb to their tumor before an antitumor effect can occur. A treatment that controls the disease progression before the GVT effect may reduce the need to withdraw immune suppression, avoid grade 3-4 aGVHD, reduce the TRM and increase progression-free survival. Temsirolimus may have the characteristics for the combination. In addition, temsirolimus, like its parent compound sirolimus, may have favorable effects on the immune cells that regulate GVHD and GVT activity of the graft. Based on these assumptions, a phase I-II study of allografting followed by temsirolimus will be started in RCC patients relapsed after or refractory to a first-line antiangiogenic treatment.
In conclusion, allografting is able to induce long-term disease control in a fraction of cytokine-resistant RCC patients at intermediate prognosis. The association of the immune effects of allografting with the effects of novel targeted therapies is a promising new field of investigation. Future strategies should consider incorporating new drugs in the transplant regimen, with the aim of decreasing progression and prolonging overall survival.
